EP 3 016 335 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3016 335 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
04.05.2016 Bulletin 2016/18

(21) Application number: 15184760.5

(22) Date of filing: 10.09.2015

(51) IntClL:

HO4L 12/933 (2013.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA

(30) Priority: 27.10.2014 US 201414524622

(71) Applicant: Intel Corporation
Santa Clara, CA 95054 (US)

(72) Inventors:
¢ Khare, Surhud
560037 Bangalore (IN)

¢ More, Ankit

Santa Clara, CA 95054 (US)
¢ Somasekhar, Dinesh

Portland, OR Oregon 97229 (US)
* Dunning, David S.

Portland, OR Oregon 97229 (US)

(74) Representative: Goddar, Heinz J.

Boehmert & Boehmert
Anwaltspartnerschaft mbB
Patentanwilte Rechtsanwilte
Pettenkoferstrasse 20-22
80336 Miinchen (DE)

(54) ARCHITECTURE FOR ON-DIE INTERCONNECT

(57)  Inanembodiment, an apparatus includes: a plu-
rality of islands configured on a semiconductor die, each
of the plurality of islands having a plurality of cores; and
a plurality of network switches configured on the semi-
conductor die and each associated with one of the plu-
rality of islands, where each network switch includes a
plurality of output ports, a first set of the output ports are

each to couple to the associated network switch of an
island via a point-to-point interconnect and a second set
of the output ports are each to couple to the associated
network switches of a plurality of islands via a
point-to-multipoint interconnect. Other embodiments are
described and claimed.

—130

=110,

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 016 335 A1 2

Description

[0001] This invention was made with government sup-
port under contract number B600738 awarded by De-
partment of Energy. The government has certain rights
in the invention.

Technical Field

[0002] This disclosure pertains to computing systems,
and in particular (but not limited to) on-die interconnects.

Brief Description of the Drawings

[0003]

FIG. 1Ais a block diagram of a collection or grouping
of cores of a processor or SoC in accordance with
an embodiment of the present invention.

FIG. 1B is a block diagram of a plurality of processor
islands in accordance with an embodiment.

FIG. 2 is a block diagram of a SoC or other processor
in accordance with an embodiment of the present
invention.

FIG. 3 is a block diagram of a network switch in ac-
cordance with an embodiment of the presentinven-
tion.

FIG. 4 is a flow diagram of a method of routing pack-
ets through a network switch in accordance with an
embodiment of the present invention.

FIG. 5 is a block diagram of a system in accordance
with an embodiment of the present invention.

FIG. 6 is a block diagram of an example system with
which embodiments can be used.

FIG. 7 is a block diagram of another example system
with which embodiments may be used.

FIG. 8 is a block diagram of a system on a chip in
accordance with an embodiment.

FIG. 9 is a block diagram of a system in accordance
with an embodiment of the present invention.

Detailed Description

[0004] As computing technology advances, greater
amounts of compute capacity become feasible on a sin-
gle semiconductor die. Currently, multi-core processors
having 4, 8 or more cores are available. It is anticipated
that future processors may integrate hundreds or even
thousands of small compute cores onto a single silicon
die. However, current on-die interconnect fabrics cannot
efficiently scale up to such large numbers of nodes, par-
ticularly with minimal power consumption and latency,
while providing acceptable bandwidth. Conventional net-
work topologies including 2-dimension mesh, ring bus or
ring mesh topologies cannot scale up efficiently for such
anticipated processors, resulting in excessive latency
and prohibitive power consumption, primarily due to large
numbers of intermediate hops and buffering in the net-
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work.

[0005] Invarious embodiments, anon-die interconnect
topology is provided to exploit abundant interconnect re-
sources provided by state-of-the-art semiconductor proc-
ess technology and unique latency/energy/band-
width/repeater spacing characteristics of a hierarchical
buildup of a metal stack. In this way, an interconnect fab-
ric in accordance with an embodiment may achieve net-
work scalability to 1000’s of nodes with low latency/en-
ergy and acceptable bandwidth for application perform-
ance.

[0006] Embodiments leverage the presence of ad-
vanced technology nodes for submicron semiconductor
processing. As an example, a metal stack adapted to a
semiconductor die provides a rich set of metal resources
(e.g., 9 or more layers). In an embodiment, 4 or more of
these metal layers can be used for an on-die interconnect
fabric. Each metal layer has different physical character-
istics, including but not limited to different width/spac-
ing/material properties. As examples, the different layers
may have different energy characteristics (e.g., ener-
gy/millimeter (mm)), latency characteristics (e.g., de-
lay/mm), bandwidth characteristics (wires/mm) and op-
timal repeater spacing characteristics. Note thatin some
embodiments, the size of cores or other compute logic
to be interconnected may be smaller than optimal repeat-
er spacing for higher level metals, and as such the need
for repeaters can be avoided, and wires in higher level
metal layers (which may be larger and/or thicker than
those of a lower level metal layer) can provide lower la-
tency and cross/traverse multiple cores in a single clock
cycle.

[0007] An interconnect fabric in accordance with an
embodiment can use a hierarchy of wires, where low-
er/mid-level layers include wires having sufficient band-
width to couple between clusters of neighboring cores
(or core groups) by point-to-point interconnects. In turn,
higher level metal layers include wires that span across
and connect to multiple core groupsin a single clock cycle
by point-to-multipoint interconnects. Embodiments pro-
vide a hierarchical network topology having a flattened
logical switch hierarchy and hierarchies of wires that hi-
erarchically couple physically/logically adjacent and dis-
tant nodes. Due to the small size of cores (nodes), it may
not be feasible to flatten the switches on a per-core basis,
and instead the topology may be flattened on a core
grouping.

[0008] A topology as described herein incorporates
high-radix flattened switches that are interconnected with
hierarchical point-to-point and point-to-multipoint inter-
connects. Flattening the switch with increased connec-
tivity for hierarchical wires increases the radix of the
switch, minimizing hop count and overall network laten-
cy/energy. Individual switch energy does not increase
significantly (to first order), as long as bandwidth is kept
constant. The network topology can be optimized for a
given technology (resources), core count and application
requirements by striking a balance between switch radix,
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bandwidth and span and drop count of hierarchical wires.
For example, the choice of metal width/spacing deter-
mines a trade-off between bandwidth/latency. Wide met-
al wires with more spacing result in lower latency at a
cost of less bandwidth (wires per mm). Similarly if core
size is reduced, more cores can be connected in a single
cycle.

[0009] More specifically, embodiments use a flattened
switch on a per-island basis. Groups of N cores (an is-
land) share a network switch. Cores within an island are
connected using a crossbar network. Referring now to
FIG. 1A, shownis a block diagram of a collection or group-
ing of cores of a processor or SoC in accordance with an
embodiment of the present invention. In FIG. 1A, collec-
tion 100 may be referred to herein as a domain or island.
In some embodiments, islands may be of independent
voltage and frequency domains. As seen, a plurality of
cores 110, - 110,, are present. Although embodiments
vary, in the illustrated example 8 cores are present; un-
derstand however that more or fewer cores may be
present in a given island in different embodiments.
[0010] Cores 110 couple together via an interconnect
120 of a first topology. As an example, interconnect 120
may be a crossbar network to enable the cores to com-
municate with each other. Island 100 further includes a
network switch 130. In an embodiment, switch 130 is a
high-radix switch. Switch 130 provides for interconnec-
tion and communication between the cores within collec-
tion 100 and other portions of the processor or SoC (and
in turn to off-chip locations). Further, as will be described
herein, network switch 130 may communicate with other
domains or islands by different types of interconnects,
where at least portions of these interconnects are con-
figured on different metal layers of a buildup stack. By
leveraging the characteristics of the different metal layers
of this buildup stack, which themselves have different
properties, operating characteristics of the interconnects
themselves such as latency, bandwidth, among other op-
erating characteristics vary. Such characteristics may be
a function of choice of width/spacing of metal wires. Low-
er layers may have tighter spacing and narrower widths,
resulting in higher bandwidth (per mm) and higher latency
due to increased resistance. Higher layers have wider
widths and higher spacing, and as aresultless bandwidth
(per mm) but lower latency due to reduction in resistance.
[0011] In an example embodiment, a first set of output
ports of network switch 130 communicates with adjacent
domains or islands via point-to-point interconnects (not
shown for ease of illustration in FIG. 1A). Inturn, a second
set of output ports of network switch 130 communicates
with non-adjacent domains or islands via point-to-
multipoint interconnects (not shown for ease of illustra-
tion in FIG. 1A). Understand while shown at this high
level in the example of FIG. 1A, many variations and al-
ternatives are possible.

[0012] Referring now to FIG. 1B, shown is a block di-
agram of a plurality of processor islands in accordance
with an embodiment. As seen, five islands 100, - 100,
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are present. While shown at a high and general level,
understand that each island may include homogeneous
resources, which can include a plurality of cores (e.g.,
8), a crossbar interconnect network and a switch. By lev-
eraging the unique characteristics of different metal lay-
ers on which atleast portions of interconnects that couple
the different islands together, different latencies of com-
munications occur. Thus as seen in FIG. 1B in a single
clock cycle (for example) a first output port of network
switch 130, provides an output unit (e.g., a packet) to a
corresponding input port of a network switch 130, of ad-
jacent island 100, via an interconnect 140, which in an
embodiment is implemented as a point-to-point intercon-
nect configured at least in part on a first metal layer (e.g.,
a mid-level metal layer of a buildup stack). Instead, a
second output port of network switch 130, provides an
output unit to a corresponding input port of a plurality of
network switches, namely network switches 130,, 1305,
and 130,,. Note that this communication from this output
port of network switch 130 may be via a point-to-
multipoint interconnect 150 configured at least in part on
a second metal layer (e.g., a higher metal layer of the
buildup stack, at least higher than the mid-level metal
layer).

[0013] While shown with this illustrative example in
FIG. 1B, understand that embodiments are not limited to
multipoint interconnects that couple only to three non-
adjacent islands. In other embodiments, such intercon-
nects may couple to additional non-adjacent intercon-
nects (and optionally may also couple to an adjacent is-
land as well). Furthermore, while described with this sin-
gle cycle latency of communication, understand the
scope of the present invention is not limited in this re-
spect, and in other examples, communication latency to
a given destination to which an interconnect is coupled
can be less than or greater than a single cycle.

[0014] In one example, an on-die interconnect struc-
ture may be implemented for an exascale SoC or other
processor having the following components: 2048 cores,
organized as 256 islands with 8 cores/island in a 16x16
network of nodes and one switch per island. In this ex-
ample topology, each network switch may include a plu-
rality of output ports, with four ports to couple to nearest
neighbors in four directions and four ports to couple to
point-to-multipoint interconnects spanning four islands in
each direction. Other assumptions of this design include
dimension-ordered XY routing, with two virtual channels
(one each for requests and response), 64 byte (B) packet
size, and a minimum bandwidth of 64 gigabytes per sec-
ond (Gbps) injection bandwidth per island under a uni-
form random traffic pattern.

[0015] Referring now to FIG. 2, shown is a block dia-
gram of a SoC or other processor in accordance with an
embodiment of the present invention. In the example of
FIG. 2, processor 200 is an exascale processor including
avery high number of cores. As examples, 1024 or 2048
cores may be present. In general, the cores may be ar-
rayed in islands. In the high-level shown, a 16x16 array
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of islands 210, -210,, ,, are present. Each island may
include a given number of cores. In different examples
homogeneous cores or a mix of heterogeneous cores
are contemplated. To provide interconnection, an on-die
interconnect fabric may be implemented via a plurality of
network switches, e.g., high-radix network switches
present within each island, generally configured as de-
scribed above with regard to FIGS. 1A and 1B.

[0016] As such, each network switch 130 couples via
a first type of interconnect (namely point-to-point inter-
connects) to adjacent islands in X, Y directions (under-
stand that the islands on the perimeter of the die may not
couple to four adjacentislands). In addition, each network
switch 130 further couples via a second type of intercon-
nect (namely point-to-multipoint interconnects) to non-
adjacent islands.

[0017] Note that a topology in accordance with an em-
bodiment may achieve lowest latency under low load
conditions, and for the same switch bandwidth, achieves
up to three times higher injection rate before the network
saturates under uniform random ftraffic conditions as
compared to a 2D mesh network. For highly localized,
nearest neighbor traffic pattern, the topology performs
competitively as compared to 2D mesh network.

[0018] Understand that the topology of FIG. 2 is a ge-
neric topology example, and exact specifications may be
based on technology choice, circuit parameters, core
count/size, etc. Embodiments thus provide flexible im-
plementation of an on-die interconnect fabric. Note that
span and drop count of each point-to-multipoint intercon-
nect can be defined by base technology specifications
(e.g., number of metal layers, wires/mm, optimal repeater
spacing and so forth), circuit parameters (e.g., voltage,
clock cycle period, among others), and core count. These
considerations may be balanced against desired network
diameter (energy/latency) and bandwidth. For a given
injection/ejection bandwidth of the network switch, a
higher number of wires/mm for mid-layer metals can be
used to provide higher bandwidth for local communica-
tion.

[0019] Referring now to FIG. 3, shown is a block dia-
gram of a network switch in accordance with an embod-
iment of the present invention. As shown in FIG. 3, net-
work switch 300 may be instantiated throughout different
domains or islands of a processor or SoC. Using this
switch, various routing, arbitration and related operations
can be performed. As seen, network switch 300 receives
input via a plurality of input ports 10-In, which are config-
ured to receive inputs from other islands (e.g., as re-
ceived via point-to-point interconnects or point-to-
multipoint interconnects). Other input ports may be cou-
pled to various local cores of the island in which network
switch 300 is included. As such, there are more input
ports than a number of output ports (in the embodiment
shown, output ports 00-07 are provided).

[0020] With reference to incoming information, which
may be in the form of request information or response
information, the incoming information is provided to a cor-
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responding lane or virtual channel 310, which corre-
sponds to a request virtual channel, and virtual channel
3104 which corresponds to a response virtual channel.
As seen, each channelincludes a number ofindependent
buffers 3123-312,,. The incoming information, which may
be received in given input units, e.g., of a packet size for
a given processor, are provided to a route compute logic
3144-314,, to determine an appropriate destination for
the corresponding, e.g., based on address and control
information included in the given packet. Based on this
route-determined information, a port arbitration may be
performed in a port arbiter 315 to determine an appro-
priate output port to which to deliver the given packet.
[0021] However, before output a bus arbitration first
occurs in a bus arbiter 320. As seen, at this point of ar-
bitration, flow control information is considered to deter-
mine whether a given destination has sufficientresources
to receive a corresponding packet. Thus as seen, flow
control information may be provided in feedback fashion
to bus arbiter 320 (and more specifically to the independ-
ent bus arbitration logics 322;-322n).

[0022] The arbitrated packets from the corresponding
bus arbitrartion logics 322 are provided to corresponding
pipe stages 326, 328, 329,-326,, 328, 329,,. As seen,
the packets are provided to a crossbar router 330, includ-
ing crossbar logic 335. In this way, the packets may be
provided to a selected destination (including local cores
coupled to crossbar network 330, not shown for ease of
illustration in FIG. 3). As shown, for a package to be out-
put from a given output port of network switch 300, com-
munication is via a corresponding selector or multiplexer
338;-3385. As such, output packets are provided either
to adjacent islands via pipe stages 340,-3405 coupled to
output ports 00-03 (each in turn coupled to a point-to-
point interconnect) where the packets can be communi-
cated with a one cycle latency to the adjacent network
switches of the adjacent islands. Instead, packets to be
provided to one of multiple non-adjacent islands via as-
sociated network switches are sent from multiplexers
3384-338 and through corresponding pipe stages 340,4-
340, to corresponding output ports 04-07 (each in turn
coupled to a point-to-multipoint interconnect).

[0023] Thusasillustrated, network switch 300is a high-
radix switch for an on-die fabric. While shown with this
particular illustration having separate lanes or virtual
channels for requests and responses, understand the
scope of the presentinvention is not limited in this regard
andin otherimplementations additional or different virtual
channels may be provided.

[0024] ReferringnowtoFIG.4,shownisaflow diagram
of a method of routing packets through a network switch
in accordance with an embodiment of the present inven-
tion. As shown in FIG. 4, method 400 may be performed
by various logic within a network switch. As seen, method
400 begins by receiving multiple packets to be processed
(block 410). Such packets may be received within the
network switch from its local cores, as well as from point-
to-point and point-to-multipoint interconnects coupled to
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the various input ports of the network switch. Next at block
420, an arbitration may be performed to determine ap-
propriate packets for output. Arbitration may be based
on a round-robin arbitration, with consideration for fair-
ness such that packets from particular sources do not
starve or prevent other source’s packets from being sent.
Still further, the arbitration, including port and bus arbi-
tration, may also consider flow control information such
that packets are not selected where the destination does
not have sufficient resources to handle the incoming
packets.

[0025] Stillreferring to FIG. 4, next at block 430 a proc-
ess may be performed by the network switch logic for
each given packet to be output (e.g., packets 1-P, where
there are fewer output ports than input ports). As seen,
routing for the selected packet may be determined (block
440). Then based on the routing it can be determined
whether the destination is a local core (diamond 450). If
so, control passes to block 455 for the given packet,
where it can be sent to the local core via a local port
(which may be part of the crossbar network to thus pro-
vide the packet to the island-internal core).

[0026] Instead ifthe destinationis notalocal core, con-
trol passes to diamond 460 to determine whether the
destination is within an adjacent island. If so, control
passes to block 470 where the packet may be sent to an
adjacent network switch via an output port that is coupled
to a point-to-point interconnect. Otherwise, if the desti-
nation is not an adjacent island, control passes to block
470 where the packet may be sent to multiple non-adja-
cent network switches via an output port coupled to a
point-to-multipoint interconnect. Note that when sending
a packet on a point-to-multipoint interconnect, sideband
control signals also may be provided to ensure that the
packet is sinked only at the switch that is to act a hop to
forward the packet on to a final destination (which may
be based on routing tables within the given network
switches. Thus, the packet is not sinked to other (non-
destination/non-hop) switches coupled to the intercon-
nect. In this way, by using the sideband interconnect in-
formation, a packet does not have to go through route
computation at non-destination switches. Although
shown at this high level in the embodiment of FIG. 4,
understand the scope of the present invention is not lim-
ited in this regard.

[0027] Understand that exascale processors or SoCs
(or otherintegrated circuits) including an on-die intercon-
nect as described herein can be used in many different
systems, ranging from small portable devices to high per-
formance computing systems and networks. Referring
now to FIG. 5, shown is a block diagram of a system in
accordance with an embodiment of the presentinvention.
In the embodiment of FIG. 5, system 900 may be a SoC
including multiple domains, each of which may be con-
trolled to operate at an independent operating voltage
and operating frequency. Note that the domains each
may be a heterogeneous island including a network
switch and interconnected as described herein. As a spe-
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cific illustrative example, system 900 may be an Intel®
Architecture Core™-based SoC such as an i3, i5, i7 or
another such processor available from Intel Corporation.
However, other low power SoCs or processors such as
available from Advanced Micro Devices, Inc. (AMD) of
Sunnyvale, CA, an ARM-based design from ARM Hold-
ings, Ltd. or licensee thereof or a MIPS-based design
from MIPS Technologies, Inc. of Sunnyvale, CA, or their
licensees or adopters may instead be present in other
embodiments such as an Apple A7 processor, a Qual-
comm Snapdragon processor, or Texas Instruments
OMAP processor. Such SoC may be used in a low power
system such as a smartphone, tablet computer, phablet
computer, Ultrabook™ computer, loT device, wearable,
or other portable computing device.

[0028] In the high level view shown in FIG. 5, SoC 900
includes a plurality of core units 910,-910,,. Each core
unit may include one or more processor cores, one or
more cache memories and other circuitry. Each core unit
910 may support one or more instructions sets (e.g., an
x86 instruction set (with some extensions that have been
added with newer versions); a MIPS instruction set; an
ARM instruction set (with optional additional extensions
such as NEON)) or other instruction set or combinations
thereof. Note that some of the core units may be heter-
ogeneous resources (e.g., of a different design). In ad-
dition, each such core may be coupled to a cache mem-
ory (not shown) which in an embodiment may be a shared
level (L2) cache memory. A non-volatile storage 930 may
be used to store various program and other data. For
example, this storage may be used to store at least por-
tions of microcode, boot information such as a BIOS,
other system software or so forth.

[0029] Each core unit 910 may also include an inter-
face such as a network interface to enable interconnec-
tion to additional circuitry of the SoC. In an embodiment,
each core unit 910 couples to a coherent fabric formed
of an on-die interconnect that may act as a primary cache
coherent on-die interconnect that in turn couples to a
memory controller 935. In turn, memory controller 935
controls communications with a memory such as a
DRAM (not shown for ease of illustration in FIG. 5).
[0030] In addition to core units, additional processing
engines are present within the processor, including at
least one graphics unit 920 which may include one or
more graphics processing units (GPUs) to perform
graphics processing as well as to possibly execute gen-
eral purpose operations on the graphics processor (so-
called GPGPU operation). In addition, at least one image
signal processor 925 may be present. Signal processor
925 may be configured to process incoming image data
received from one or more capture devices, either inter-
nal to the SoC or off-chip.

[0031] Other accelerators also may be present. In the
illustration of FIG. 5, a video coder 950 may perform cod-
ing operations including encoding and decoding for video
information, e.g., providing hardware acceleration sup-
port for high definition video content. A display controller
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955 further may be provided to accelerate display oper-
ations including providing support for internal and exter-
nal displays of a system. In addition, a security processor
945 may be present to perform security operations. Each
of the units may have its power consumption controlled
viaa power manager 940, which may include controllogic
to perform various power management techniques.
[0032] In some embodiments, SoC 900 may further
include a non-coherent fabric coupled to the coherent
fabric to which various peripheral devices may couple.
One or more interfaces 960a-960d enable communica-
tion with one or more off-chip devices. Such communi-
cations may be according to a variety of communication
protocols such as PCle™, GPIO, USB, I2C, UART, MIPI,
SDIO, DDR, SPI, HDMI, among other types of commu-
nication protocols. Although shown at this high level in
the embodiment of FIG. 5, understand the scope of the
present invention is not limited in this regard.

[0033] Referring now to FIG. 6, shown is a block dia-
gram of an example system with which embodiments can
be used. As seen, system 1200 may be a smartphone
or other wireless communicator. A baseband processor
1205 is configured to perform various signal processing
with regard to communication signals to be transmitted
from or received by the system. In turn, baseband proc-
essor 1205 is coupled to an application processor 1210,
which may be a main SoC of the system to execute an
OS and other system software, in addition to user appli-
cations such as many well-known social media and mul-
timedia apps. Application processor 1210 may further be
configured to perform a variety of other computing oper-
ations for the device, and may include an on-die inter-
connect architecture as described herein.

[0034] In turn, application processor 1210 can couple
to a user interface/display 1220, e.g., a touch screen dis-
play. In addition, application processor 1210 may couple
to a memory system including a non-volatile memory,
namely a flash memory 1230 and a system memory,
namely a dynamic random access memory (DRAM)
1235. As further seen, application processor 1210 further
couples to a capture device 1240 such as one or more
image capture devices that can record video and/or still
images.

[0035] Still referring to FIG. 6, a universal integrated
circuit card (UICC) 1240 comprising a subscriber identity
module and possibly a secure storage and cryptoproc-
essoris also coupled to application processor 1210. Sys-
tem 1200 may further include a security processor 1250
that may couple to application processor 1210. A plurality
of sensors 1225 may couple to application processor
1210 to enable input of a variety of sensed information
such as accelerometer and other environmental informa-
tion. An audio output device 1295 may provide an inter-
face to output sound, e.g., in the form of voice commu-
nications, played or streaming audio data and so forth.
[0036] As further illustrated, a near field communica-
tion (NFC) contactless interface 1260 is provided that
communicates in a NFC near field via an NFC antenna
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1265. While separate antennae are shown in FIG. 6, un-
derstand that in some implementations one antenna or
a different set of antennae may be provided to enable
various wireless functionality.

[0037] A power management integrated circuit (PMIC)
1215 couples to application processor 1210 to perform
platform level power management. To this end, PMIC
1215 may issue power management requests to appli-
cation processor 1210 to enter certain low power states
as desired. Furthermore, based on platform constraints,
PMIC 1215 may also control the power level of other
components of system 1200.

[0038] To enable communications to be transmitted
and received, various circuitry may be coupled between
baseband processor 1205 and an antenna 1290. Spe-
cifically, a radio frequency (RF) transceiver 1270 and a
wireless local area network (WLAN) transceiver 1275
may be present. In general, RF transceiver 1270 may be
used to receive and transmit wireless data and calls ac-
cording to a given wireless communication protocol such
as 3G or 4G wireless communication protocol such as in
accordance with acode division multiple access (CDMA),
global system for mobile communication (GSM), long
term evolution (LTE) or other protocol. In addition a GPS
sensor 1280 may be present. Other wireless communi-
cations such as receipt or transmission of radio signals,
e.g., AM/FM and other signals may also be provided. In
addition, via WLAN transceiver 1275, local wireless com-
munications, such as according to a Bluetooth™ stand-
ard or an IEEE 802.11 standard such as IEEE
802.11a/b/g/n can also be realized.

[0039] Referring now to FIG. 7, shown is a block dia-
gram of another example system with which embodi-
ments may be used. In the illustration of FIG. 7, system
1300 may be mobile low-power system such as a tablet
computer, 2:1 tablet, phablet or other convertible or stan-
dalone tablet system. As illustrated, a SoC 1310 is
present and may be configured to operate as an appli-
cation processor for the device. SoC 1310 may include
an on-die interconnect architecture as described herein.
[0040] A variety of devices may couple to SoC 1310.
In the illustration shown, a memory subsystem includes
a flash memory 1340 and a DRAM 1345 coupled to SoC
1310. In addition, a touch panel 1320 is coupled to the
SoC 1310 to provide display capability and user input via
touch, including provision of a virtual keyboard on a dis-
play of touch panel 1320. To provide wired network con-
nectivity, SoC 1310 couples to an Ethernet interface
1330. A peripheral hub 1325 is coupled to SoC 1310 to
enable interfacing with various peripheral devices, such
as may be coupled to system 1300 by any of various
ports or other connectors.

[0041] In addition to internal power management cir-
cuitry and functionality within SoC 1310, a PMIC 1380 is
coupled to SoC 1310 to provide platform-based power
management, e.g., based on whether the system is pow-
ered by a battery 1390 or AC power via an AC adapter
1395. In addition to this power source-based power man-
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agement, PMIC 1380 may further perform platform power
management activities based on environmental and us-
age conditions. Still further, PMIC 1380 may communi-
cate control and status information to SoC 1310 to cause
various power management actions within SoC 1310.
[0042] Still referring to FIG. 7, to provide for wireless
capabilities, a WLAN unit 1350 is coupled to SoC 1310
and in turn to an antenna 1355. In various implementa-
tions, WLAN unit 1350 may provide for communication
according to one or more wireless protocols, including
an |IEEE 802.11 protocol, a Bluetooth™ protocol or any
other wireless protocol.

[0043] Asfurtherillustrated, a plurality of sensors 1360
may couple to SoC 1310. These sensors may include
various accelerometer, environmental and other sen-
sors, including user gesture sensors. Finally, an audio
codec 1365 is coupled to SoC 1310 to provide an inter-
face to an audio output device 1370. Of course under-
stand that while shown with this particular implementa-
tion in FIG. 7, many variations and alternatives are pos-
sible.

[0044] Turning nextto FIG. 8, an embodimentofa SoC
design in accordance with an embodiment is depicted.
As a specific illustrative example, SoC 2000 is included
in user equipment (UE). In one embodiment, UE refers
to any device to be used by an end user, such as a wear-
able, hand-held phone, smartphone, tablet, ultra-thin
notebook, notebook IoT device, or any other similar de-
vice. Often a UE connects to a base station or node,
which potentially corresponds in nature to a mobile sta-
tion (MS) in a GSM network.

[0045] Here, SoC 2000 includes 2 cores-2006 and
2007. Similar to the discussion above, cores 2006 and
2007 may conform to an Instruction Set Architecture,
such as an Intel® Architecture Core ™-based processor,
an Advanced Micro Devices, Inc. (AMD) processor, a
MIPS-based processor, an ARM-based processor de-
sign, or a customer thereof, as well as their licensees or
adopters. Cores 2006 and 2007 are coupled to cache
control 2008 that is associated with bus interface unit
2009 and L2 cache 2010 to communicate with other parts
of system 2000. Interconnect 2010 includes an on-chip
interconnect, which may be of the heterogeneous hier-
archical architecture described herein.

[0046] Interconnect 2010 provides communication
channels to the other components, such as a boot ROM
2035 to hold boot code for execution by cores 2006 and
2007 toinitialize and boot SOC 2000, a SDRAM controller
2040 to interface with external memory (e.g. DRAM
2060), a flash controller 2045 to interface with non-vola-
tile memory (e.g. Flash 2065), a peripheral controller
2050 (e.g. Serial Peripheral Interface) to interface with
peripherals, video codecs 2020 and Video interface 2025
to display and receive input (e.g. touch enabled input)
via one of MIPI or HDMI/DP interface, GPU 2015 to per-
form graphics related computations, etc.

[0047] Inaddition, the systemillustrates peripherals for
communication, such as a Bluetooth module 2070, 3G
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modem 2075, GPS 2080, and WiFi 2085. Also included
in the system is a power controller 2055.

[0048] Referring now to FIG. 9, shown is a block dia-
gram of a system in accordance with an embodiment of
the presentinvention. As shownin FIG. 9, multiprocessor
system 1500 such as a high performing computing sys-
tem that may in turn couple to other systems of a HPC
network. System 1500 includes a first processor 1570
and asecond processor 1580 coupled via a point-to-point
interconnect 1550. As shown in FIG. 9, each of proces-
sors 1570 and 1580 may be many core processors in-
cluding representative first and second processor cores
(i.e., processor cores 1574a and 1574b and processor
cores 1584a and 1584b), e.g., of two islands of the 100’s
or more islands that may interconnect via an on-die in-
terconnect architecture as described herein.

[0049] Still referring to FIG. 9, first processor 1570 fur-
ther includes a memory controller hub (MCH) 1572 and
point-to-point (P-P) interfaces 1576 and 1578. Similarly,
second processor 1580 includes a MCH 1582 and P-P
interfaces 1586 and 1588. As shown in FIG. 9, MCH’s
1572 and 1582 couple the processors to respective mem-
ories, namely a memory 1532 and a memory 1534, which
may be portions of system memory (e.g., DRAM) locally
attached to the respective processors. First processor
1570 and second processor 1580 may be coupled to a
chipset 1590 via P-P interconnects 1562 and 1564, re-
spectively. As shown in FIG. 9, chipset 1590 includes P-
P interfaces 1594 and 1598.

[0050] Furthermore, chipset 1590 includes an inter-
face 1592 to couple chipset 1590 with a high performance
graphics engine 1538, by a P-P interconnect 1539. In
turn, chipset 1590 may be coupled to a first bus 1516 via
an interface 1596. As shown in FIG. 9, various input/out-
put (1/O) devices 1514 may be coupled to first bus 1516,
along with a bus bridge 1518 which couples firstbus 1516
to a second bus 1520. Various devices may be coupled
to second bus 1520 including, for example, a key-
board/mouse 1522, communication devices 1526 and a
data storage unit 1528 such as adisk drive or other mass
storage device which may include code 1530, in one em-
bodiment. Further, an audio /O 1524 may be coupled to
second bus 1520.

[0051] The following examples pertain to further em-
bodiments.
[0052] Inoneexample, an apparatus comprises: a plu-

rality of islands configured on a semiconductor die, at
least two of the plurality of islands having a plurality of
cores; and a plurality of network switches configured on
the semiconductor die that are to be associated with the
plurality of islands, where a first network switch of the
plurality of network switches comprises a plurality of out-
put ports, output ports of a first set of the plurality of output
ports are to couple to the associated network switch of
an island via a point-to-point interconnect and output
ports of a second set of the output ports are to couple to
the associated network switches of a plurality of islands
via a point-to-multipoint interconnect.
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[0053] In an example, the point-to-point interconnect
is configured at least in part on a first metal layer.
[0054] In an example, the point-to-multipoint intercon-
nectis configured at least in part on a second metal layer,
the second metal layer a higher metal layer than the first
metal layer.

[0055] Inanexample, a wire width of the point-to-point
interconnect configured on the first metal layer is greater
than a wire width of the point-to-multipoint interconnect
configured on the higher metal layer.

[0056] In an example, the point-to-multipoint intercon-
nect is configured to communicate output information
fromthe network switch to the associated network switch-
es of the plurality of islands in a clock cycle, the plurality
of islands physically non-adjacent to the island of the
network switch.

[0057] In an example, the point-to-point interconnect
is configured to communicate output information from the
network switch to the associated network switch of the
island in a clock cycle, the island physically adjacent to
the island of the network switch.

[0058] Inanexample, the apparatus further comprises
an on-die interconnect fabric comprising the plurality of
network switches, the point-to-point interconnects and
the point-to-multipoint interconnects.

[0059] In an example, the on-die interconnect fabric
comprises a hierarchical network including a plurality of
crossbar networks each to interconnect the plurality of
cores of an island, a plurality of point-to-point intercon-
nects to interconnect adjacent ones of the plurality of
islands, and a plurality of point-to-multipoint intercon-
nects to interconnect non-adjacent ones of the plurality
of islands.

[0060] In another example, an apparatus comprises:
a network switch configured on a semiconductor die, the
network switch including: a plurality of input ports to re-
ceive information from other network switches; a first plu-
rality of output ports to couple to a plurality of adjacent
network switches via a first metal layer; and a second
plurality of output ports to couple to a plurality of non-
adjacent network switches via a second metal layer.
[0061] In an example, the number of the plurality of
input ports is greater than a sum of the number of the
first plurality of output ports and the number of the second
plurality of output ports.

[0062] In an example, the network switch further com-
prises: at least one first buffer associated with a first vir-
tual channel; at least one second buffer associated with
a second virtual channel; a crossbar network to couple
a plurality of cores to the network switch, wherein the
plurality of cores are of an island; and an arbiter to arbi-
trate between output requests from at least some of the
plurality of cores.

[0063] In an example, at least one of the first plurality
of output ports is to couple to the adjacent network switch
via a point-to-point interconnect configured atleastin part
on the first metal layer.

[0064] In an example, at least one of the second plu-
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rality of output ports is to couple to the plurality of non-
adjacent network switches via a point-to-multipoint inter-
connect configured at least in part on the second metal
layer, the second metal layer a higher layer than the first
metal layer, where the first and second metal layers are
of a buildup stack configured on a semiconductor die.
[0065] In an example, at least one of the first plurality
of output ports is to communicate an output unit to the
adjacent network switch in a first clock cycle and at least
one of the second plurality of output ports is to commu-
nicate an output unit to the plurality of non-adjacent net-
work switches in the first clock cycle.

[0066] Inanexample, the apparatus comprises an ex-
ascale SoC including a plurality of cores.

[0067] In an example, the exascale SoC comprises a
plurality of islands each having a portion of the plurality
of cores and a network switch.

[0068] In another example, a machine-readable medi-
um having stored thereoninstructions, which if performed
by a machine cause the machine to perform a method
comprising: receiving a plurality of packets in a network
switch of an on-die interconnect; determining a routing
for a first packet of the plurality of packets; sending the
first packet to an adjacent network switch via a first output
port coupled to a point-to-point interconnect if the first
packet is destined for a destination logic in a domain as-
sociated with the adjacent network switch; and sending
the first packet to a plurality of non-adjacent network
switches via a second output port coupled to a point-to-
multipoint interconnect if the first packet is destined for
a destination logic in a domain associated with one of
the plurality of non-adjacent network switches.

[0069] In an example, the method further comprises
sending the first packet to a local core of a domain in-
cluding the network switch if the first packet is destined
for the local core.

[0070] In an example, the method further comprises
sending the first packet to the adjacent network switch
via the point-to-point interconnect configured at least in
part on a first metal layer.

[0071] In an example, the method further comprises
sending the first packet to the plurality of non-adjacent
network switches via the point-to-multipoint interconnect
configured at least in part on a second metal layer, the
second metal layer a higher metal layer than the first
metal layer.

[0072] Embodiments may be used in many different
types of systems. For example, in one embodiment a
communication device can be arranged to perform the
various methods and techniques described herein. Of
course, the scope of the present invention is not limited
to a communication device, and instead other embodi-
ments can be directed to other types of apparatus for
processing instructions, or one or more machine reada-
ble media including instructions thatin response to being
executed on a computing device, cause the device to
carry out one or more of the methods and techniques
described herein.
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[0073] Embodiments may be implementedin code and
may be stored on a non-transitory storage medium hav-
ing stored thereon instructions which can be used to pro-
gram a system to perform the instructions. The storage
medium may include, but is not limited to, any type of
diskincluding floppy disks, optical disks, solid state drives
(SSDs), compact disk read-only memories (CD-ROMs),
compact disk rewritables (CD-RWs), and magneto-opti-
cal disks, semiconductor devices such as read-only
memories (ROMs), random access memories (RAMSs)
such as dynamic random access memories (DRAMS),
static random access memories (SRAMSs), erasable pro-
grammable read-only memories (EPROMSs), flash mem-
ories, electrically erasable programmable read-only
memories (EEPROMSs), magnetic or optical cards, or any
other type of media suitable for storing electronic instruc-
tions.

[0074] While the presentinvention has been described
with respect to a limited number of embodiments, those
skilled in the art will appreciate numerous modifications
and variations therefrom. Itis intended that the appended
claims cover all such modifications and variations as fall
within the true spirit and scope of this present invention.

Claims
1. An apparatus comprising:

a plurality of islands configured on a semicon-
ductor die, at least two of the plurality of islands
having a plurality of cores; and

a plurality of network switches configured on the
semiconductor die that are to be associated with
the plurality of islands, wherein a first network
switch of the plurality of network switches com-
prises a plurality of output ports, wherein output
ports of a first set of the plurality of output ports
are to couple to the associated network switch
of anisland via a point-to-point interconnect and
output ports of a second set of the output ports
are to couple to the associated network switches
of a plurality of islands via a point-to-multipoint
interconnect.

2. The apparatus of claim 1, wherein the point-to-point
interconnect is configured at least in part on a first
metal layer.

3. The apparatus of claim 2, wherein the point-to-
multipoint interconnect is configured at least in part
on a second metal layer, the second metal layer a
higher metal layer than the first metal layer.

4. The apparatus of claim 3, wherein a wire width of
the point-to-point interconnect configured on the first
metal layer is greater than a wire width of the point-
to-multipoint interconnect configured on the higher
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metal layer.

5. The apparatus of claim 1, wherein the point-to-
multipoint interconnect is configured to communi-
cate output information from the network switch to
the associated network switches of the plurality of
islands in a clock cycle, the plurality of islands phys-
ically non-adjacent to the island of the network
switch, and the point-to-point interconnect is config-
ured to communicate output information from the
network switch to the associated network switch of
the island in a clock cycle, the island physically ad-
jacent to the island of the network switch.

6. The apparatus of any one of claims 1-5, further com-
prising an on-die interconnect fabric comprising the
plurality of network switches, the point-to-point inter-
connects and the point-to-multipoint interconnects.

7. The apparatus of any one of claims 1-5, wherein the
on-die interconnect fabric comprises a hierarchical
network including a plurality of crossbar networks
each to interconnect the plurality of cores of an is-
land, a plurality of point-to-point interconnects to in-
terconnect adjacent ones of the plurality of islands,
and a plurality of point-to-multipoint interconnects to
interconnect non-adjacent ones of the plurality of is-
lands.

8. The apparatus of any one of claims 1-5, wherein the
number of a plurality of input ports of the network
switch is greater than a sum of the number of the
first set of output ports and the number of the second
set of output ports.

9. The apparatus of any one of claims 1-5, wherein at

least some of the plurality of network switches com-
prises:

at least one first buffer associated with a first
virtual channel;

atleast one second buffer associated with a sec-
ond virtual channel;

a crossbar network to couple a plurality of cores
to the network switch, wherein the plurality of
cores are of an island; and

an arbiter to arbitrate between output requests
from at least some of the plurality of cores.

10. The apparatus of any one of claims 1-5, wherein the
apparatus comprises an exascale system-on-chip
(SoC) including a plurality of cores.

11. A method comprising:
receiving a plurality of packets in a network

switch of an on-die interconnect;
determining a routing for a first packet of the



12.

13.

14.

15.
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plurality of packets;

sending the first packet to an adjacent network
switch via a first output port coupled to a point-
to-point interconnect if the first packet is des-
tined for a destination logic in a domain associ-
ated with the adjacent network switch; and
sending the first packet to a plurality of non-ad-
jacent network switches via a second output port
coupled to a point-to-multipoint interconnect if
the first packet is destined for a destination logic
in a domain associated with one of the plurality
of non-adjacent network switches.

The method of claim 11, further comprising sending
the first packet to a local core of a domain including
the network switch if the first packet is destined for
the local core.

The method of claim 11, further comprising:

sending the first packet to the adjacent network
switch via the point-to-point interconnect config-
ured at least in part on to a first metal layer; and
sending the first packet to the plurality of non-
adjacent network switches via the point-to-
multipoint interconnect configured at least in
part on a second metal layer, the second metal
layer a higher metal layer than the first metal
layer.

An apparatus comprising means to perform a meth-
od as claimed in any one of claims 11 to 13.

A machine-readable storage medium including ma-
chine-readable instructions, when executed, to im-
plement a method as claimed in any one of claims
11 to 13.
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